We describe in detail the procedures used for the preparation of ultrathin ͑ϳ10 nm͒ free-standing membranes for (e,2e) spectroscopy. Such a thin target is needed to minimize electron multiple scattering before and after an (e,2e) event. The development of a rf plasma source which allows in situ thinning and thickness monitoring is of key importance to the success of the target preparation. Materials ͑C, Si, Ni, Cu, Al 2 O 3 , SiO 2 , CuO͒ with different properties and structures are usually prepared in different ways. For insulating targets it is important to have a conducting sublayer to avoid the charging problem. A well prepared target usually has a thin area larger than the (e,2e) beam size (ϳ0.2 mm in diameter͒ and yields high quality (e,2e) data from which the electron energy-momentum density in a chosen direction is determined. Efforts demonstrated in this article indicate that the preparation of ultrathin free-standing films is a challenging area where significant technical development is needed.
I. INTRODUCTION
In an (e,2e) measurement an incident electron knocks out an electron in the target and with subsequent detection of both outgoing electrons ͑scattered and ejected͒ in coincidence, the binding energy and momentum of the target electron before the collision is determined using energy and momentum conservation laws. This technique gives a direct measure of the target electron energy-momentum density and has been used successfully for many years in gaseous targets. 1 The idea of applying (e,2e) spectroscopy to solids was proposed three decades ago, 2 although the successful application has only been a reality in the last decade or so. 3 The atomic density of a solid target is dramatically increased in comparison with a gaseous target. In order to measure a whole range of electron momentum distribution one needs to use a transmission geometry, which requires high incident energy (ϳ20 keV͒ and a very thin target thickness (ϳ10 nm͒ to allow the electrons to emerge from the other side of the membrane. A major difficulty in applying the (e,2e) technique to solids comes from multiple scattering effects. These effects upset the clear identification of energy and momentum conservation of a clean (e,2e) event, producing an event which can be shifted in energy and momentum so that the signal can contribute to the background region of the energy-momentum space. In the absence of the multiple scattering effect, the (e,2e)count rate is proportional to the target thickness. 3, 4 In reality however, one cannot neglect the multiple scattering effect unless the target thickness is less than the electron mean free path length. Due to multiple scattering the (e,2e) coincidence rate is as expected found to decrease rapidly with the increase of target thickness. 5 Our (e,2e) spectrometer uses asymmetric scattering geometry 6 ͑incoming electron energy 20 keV, scattered electron energy 18.8 keV and ejected electron energy 1.2 keV͒ and the escape depth of the slow electron is the smallest (ϳ2 nm͒. Since the (e,2e) event is detected in coincidence, clean events must then originate near the exit surface. Most solid targets prepared so far have had a thickness several times the optimal thickness so a complicated data processing scheme is needed to quantitatively interpret the experimental data. 5, 7, 8 By taking advantage of the surface sensitive feature of our spectrometer we have been able to successfully prepare a number of (e,2e) targets by evaporating the material to be studied onto a thin amorphous carbon (␣-C͒ substrate. This method however has its limitations when preparing a target which favors three-dimensional island formation. It is also not possible to prepare a single crystal target using an amorphous substrate. Instead of discussing this technique any further, in this article we will present the progress in the techniques recently developed for preparing free-standing (e,2e) targets, including single crystal ones. The sample preparation, characterization, and (e,2e) measurement are all carried out in a composite UHV system, so that the possibility for surface contamination is minimized.
The major difficulty in making (e,2e)targets is that for different materials one may need completely different procedures to obtain a thin free standing membrane. In the following sections we first describe the equipment recently developed for target thinning and cleaning purposes, including a method to monitor the target thickness in situ. We then discuss in detail the procedures in making amorphous, single crystal, and compound (e,2e) targets. For an amorphous target the aim is to obtain a thin and clean film with an area big enough for (e,2e) measurement (у0.2 mm in diameter͒. For a single crystal target one needs to pay extra attention to maintaining the crystal quality if one is interested in the energy momentum density of a crystalline material. In compound target preparation care needs to be taken to keep a stable chemical composition so one knows exactly what is being measured. We will point out some of the pitfalls in making these targets as problems arise when the film thickness is pushed to the lower limit. At this stage it is quite safe to say that preparing ultrathin free-standing targets for (e,2e) spectroscopy is a wide open and challenging field.
II. APPARATUS
For (e,2e) target thinning and cleaning we have developed an inductive rf plasma source. A schematic diagram of this source is shown in Fig. 1 . The purpose of the source is to produce ions which either react with the target material or surface contaminants, producing desorbed molecules which can be pumped away, or can sputter off the required material. The source has a feature which allows one to view the sample through the source during its operation. This feature is required so that a laser beam can be passed through the sample for in situ thickness monitoring. One can also use this feature to align the sample with the source or to inspect the sample via a telescope or microscope during the thinning or cleaning process.
The coil used to create the plasma is tightly wound around a glass tube with a diameter of 40 mm. The coil has 18 turns over a length of 95 mm and is made of Cu wire of 2 mm in diameter. The inductance of the coil is 7.5 H according to these design specifications. 9 A nearby variable capacitor ͑15-50 pF͒ is connected in series with the rf coil to adjust the resonance frequency, which was chosen to be 13.5 MHz. At the resonance frequency the impedance of the source is purely resistive and its value R is related with various loss effects. A 10-100 MHz, 0-100 W rf power supply is connected to the plasma source via an impedance matching circuit. This circuit is designed to maximize the power deposited to the plasma. For impedance matching purposes one can treat the plasma source as a LCR circuit as shown in Fig. 2 . The parameters in Fig. 2 were determined from a Hewlett Packard ͑4815A͒ rf vector impedance meter after the source was mounted to the UHV system. These parameters, due to the different shielding and grounding environment, could deviate significantly from their test bench values. We selected RG58 c/u coaxial cable to carry the rf power since its characteristic impedance Z 0 ϭ50 ⍀ is the same as the output impedance of the rf power supply. Once the value of R is determined, which is about 12 ⍀ at 13.5 MHz, one can use two RG58 cables with lengths l 1 and l 2 to match the impedance as shown in Fig. 2 . Ideally there should be no power reflected back into the power supply once the impedance is matched. However the load impedance changes with the source operation conditions, such as the type or pressure of the working gas used to create the plasma. Commonly we observed a 10%-20% power reflection. However the power ͑typically around 40-60 W͒ transferred to the plasma source was found to be sufficient to ignite and maintain a stable plasma for all the gases used in the sample preparation.
Under normal source operating conditions, the gas pressure in the sample preparation chamber is around 8ϫ10
Ϫ5
Torr. The pressure within the source could be in the middle of 10 Ϫ4 Torr due to the small pumping speed through the lens apertures. At a pressure lower than 10 Ϫ4 Torr the mean free path of the gas molecules is larger than the chamber diameter (ϳ150 mm͒. A beam of positive ions is formed and its energy is controlled by the lens voltage as it extracts the ions out of the source. The voltage applied to the sample is often chosen to be the same as the lens voltage so that there is no acceleration or deceleration between the lens and sample. The diameter of the lens aperture is 3 mm but we find that only the 1 mm center part of the beam is uniform. The beam current is typically a few A and varies with the beam energy. The source has been used to generate a number of ion species depending on the application. For example using a 50:50 mixture of Ar and O 2 with low lens voltage (ϳ100 V͒, a graphite film can be etched away uniformly by this ion-assisted chemical etching process. If a film needs to be thinned by mechanical sputtering, one can choose Ar gas with a lens voltage between 400-800 V, depending on the material to be sputtered. Within a few minutes after the source is switched off the vacuum recovers to the base pressure level (ϳ1ϫ10 Ϫ8 Torr͒ and the target is then transferred to the main chamber in which the pressure is around 8ϫ10 Ϫ11 Torr. The use of optical methods to determine the thickness of thin films is well established. 10 It is very important to know FIG. 2. Schematic drawing of the impedance matching circuit used to maximize the rf power applied to the plasma source. For RG58 coaxial cable with Z 0 ϭ50 ⍀, two cables with lengths l 1 and l 2 can be used to match the output impedance of the rf power supply.
the target thickness during (e,2e) sample preparation. The design of the rf plasma source allows a laser beam to pass through the thin film and the transmitted light intensity is recorded by a computer. Consider a thin film with a complex refractive index n ϭn 0 Ϫik , the transmittance of a perpendicular laser beam ͑wavelength ) is related to the thickness d by 10 Tϭ ͯ oscillates between 1 and ͓2n 0 /(1ϩn 0 2 )͔ 2 and its maximalminimal distance is dϭ/4n 0 . The thickness of thin films with a small absorption coefficient k can be easily determined using this feature if the initial film thickness is known. Thin Si film absorbs minimal light with red (ϭ632.8 nm͒ or green (ϭ543.5 nm͒ wavelengths generated by He-Ne lasers, and the film thickness can then be constantly monitored during the thinning process. For thin metal films, in which the absorption of light is strong, one would expect an exponential behavior of T that is, Tϰe Ϫ4kd/ . Once the optical constants n 0 and k ͑at wavelength ) are known, 11 the relationship between T and d can be used to determine the film thickness with high accuracy. From the thickness information, which is monitored constantly during the thinning process, other information such as the etching rate is readily obtained.
The contamination of the target surface is measured by using a commercial Auger electron spectroscopy system. It is also used to study the surface chemical composition of compound materials. For crystal materials we use the transmission electron diffraction technique to observe the crystal quality and orientation. The electron gun of the diffractometer is located directly above the (e,2e) spectrometer and is parallel to the (e,2e) electron gun. The electron energy for diffraction is often chosen to be the same as the (e,2e) incident beam energy so the direction of the incoming beam in an (e,2e) experiment is determined accurately. The goniometer we used to manipulate target orientation has three translational and two rotational movements. The electron energy momentum density along a given crystal direction can be measured by aligning that crystal direction with the measurement direction of the spectrometer. In addition to many successful measurements on amorphous materials, we have measured electron momentum densities of graphite along the ⌫-K and ⌫-M directions and Si along the ⌫-K and ⌫-X directions. These targets were prepared using the techniques described in the following sections.
III. TARGET PREPARATION

A. Amorphous targets
Amorphous (e,2e) targets can be prepared by evaporating a 3-5 nm layer of the material to be studied onto a thin (ϳ5 nm͒ ␣-C substrate. The sample is then mounted so that the ␣-C substrate faces the incident electron beam and the material of interest is on the exit side. Due to the small mean free path of the slow electrons (ϳ2 nm͒, signals generated within the backing material are lost to the background due to multiple scattering. This method of target preparation works well for Al, Si, and Ge but not for Ni and Cu where we found that the signal from the ␣-C substrate cannot be completely suppressed. In this case the substrate energymomentum density interferes with the signal to be measured. This is caused by the different film growth mechanism. The layer by layer growth for Al, Si, and Ge is replaced by three dimensional island formation in the case of Cu or Ni deposition. By the time these islands form a continuous layer so that the substrate signal is suppressed, the film is too thick for an (e,2e) measurement.
To prepare free-standing Ni or Cu targets, an initial ϳ100 nm thick film is deposited onto a detergent-coated glass slide or rock salt crystal by evaporation or sputter deposition. The film is then floated off in water and mounted onto a Mo sample holder with apertures around 0.7 mm in diameter. We used 99.99% pure Cu in a magnetron sputtering source ͑Torus, TRSICV͒ with Ar working gas to deposit the film at room temperature. We find that films deposited on rock salt have better quality in terms of uniformity and cleanliness. Great caution is needed to float off the sample from the rock salt substrate since the Cu surface can easily be contaminated by Cl. We used Ar ions from the rf plasma source to clean both sides of the Cu film. Bombardment with 300 eV ions with a current density of 4 A/mm 2 for 30 min is usually sufficient to remove all the surface impurities as indicated by the Auger spectra shown in Fig. 3 . To reduce the sample thickness down to 10 nm or so, the energy of the Ar ϩ beam is increased to 500-800 eV since the sputtering rate increases with energy as demonstrated in Fig. 4 . It is possible to use the data shown in Fig. 4 to determine the film thickness as long as the initial thickness is known. However it is difficult to make a uniform film covering the entire aperture when the film is around 10 nm thick. For a broken film, using optical transmittance to determine the thickness is not suitable since part of the light comes through the broken area which is irregular in shape and size. This is further
explained in the later discussion of the preparation of a graphite target. Successful target thinning requires good alignment between the target and the ion beam. The position of the ion beam can be found from the beam mark left on a test sample. With the help of a telescope, the test sample is replaced by the real target so that it occupies the previously found beam mark position. By placing a normal light source behind the thin film, one can also observe the color of the film during the thinning process. The Cu film we prepared has a dark green color initially and it becomes transparent at the end of the thinning process. A color difference between different areas of the film indicates a thickness difference caused by a small misalignment. One can usually correct this problem by moving the target in the appropriate direction. This is important since a small difference in sputtering yield can lead to a big difference in thickness, which is undesirable and will cause problems. As the film approaches its final thickness, its mechanical strength weakens and small cracks and imperfections that originally exist on the film start to develop into holes due to the surface tension. This is usually a sign to stop the thinning process and one should be able to find an area (ϳ0.2 mm in diameter͒ suitable for the ͑e,2e͒ measurement.
The Ni sample is prepared in a similar way. A Ni film is first evaporated onto rock salt to a thickness similar to that of the initial Cu film. It is then floated off in water and mounted onto a Mo sample holder with as many apertures covered as possible. The part of the film covering each of the apertures can be processed individually as in the Cu case. We found that Cl contamination is not a serious problem in Ni target preparation but contamination from C is a difficulty. It is confirmed from the Auger spectra that the Ni surface can stay clean for several days in a vacuum around 1ϫ 10
Ϫ10
Torr but it will pick up a noticeable amount of C after an (e,2e) measurement of the same duration. It seems that the bombardment of electrons has enhanced the C absorption on the Ni surface. Consequently the measurement time is significantly shortened. Removal of the C contamination using Ar ϩ sputtering was not very successful as it often reduces the measurable target area since the film may be further curled up or broken into smaller pieces. In the absence of a successful cleaning method it is necessary to repeat the entire target preparation process thus using different targets to allow sufficient data collection to ensure good statistics.
The coincidence signal to background ratio shown in Fig. 5 is an important parameter to judge the target quality because no useful (e,2e) data can be collected with poorer coincidence timing spectra. Detailed discussion on timing spectra for different sample type and thickness as well as its effects on ͑e,2e͒ data reduction can be found in Ref. 12 . It is well known that under the same experimental conditions a thinner sample or a sample with lower atomic number yields a better signal to background ratio. Our spectrometer 6 has a typical incident beam current of 50 nA and a coincidence count rate of 30 counts per minute for a signal to background ratio of 1:1. This is exactly what we see in Fig. 5 for the Ni and Cu targets. The same spectra are also observed in measurements with known sample type and thickness, i.e., 15 nm thick ␣-C measured under the same conditions. Since the atomic number of Cu or Ni is higher than C, it is much more difficult to achieve the same signal to background ratio due to the stronger multiple scattering effects. Although it is not impossible, but certainly difficult, to extract the thickness information from these timing spectra, we can be sure that the thickness for Cu or Ni is much less than 15 nm. This agrees with the detailed analysis given by Guo et al. 13 where the sample thickness is used as a parameter to analyze the multiple scattering effects. The timing spectra shown in Fig.  5 represent the best results obtained so far in the preparation of free standing Ni and Cu targets.
B. Single crystal targets
Preparation of single crystal (e,2e) targets is much more challenging. The starting material has to be a single crystal and should cover a uniform area larger than the incident The next step is to introduce the sample into the preparation chamber to allow thinning and cleaning using the rf plasma source. The thinning process in the vacuum chamber is to reduce the thickness to 10 nm or so without introducing significant damage to the crystal. The film thickness is monitored by the He-Ne laser beam and the transmittance is related to the film thickness as shown in Fig. 6 . The etching rate is easily deduced from the data and is quite uniform except for the early stage of the etching process. We find that low energy reactive ion etching or plasma etching 15 introduces less damage than Ar ϩ sputtering, but the latter has the advantage that it does not require a surface cleaning. It is well known that most chemical etching processes contaminate the surface and the level of contamination is usually unacceptable for an (e,2e) measurement. 14 In Fig. 7 , we show the Auger spectra of the Si surface after the reactive plasma thinning using a 80:20 mixture of CF 4 and O 2 . As indicated in Fig. 6 , the front surface where the Auger spectra were taken was not exposed to the plasma source during the etching process. Nevertheless, we found in Fig. 7͑a͒ that in addition to the expected C, O, and F contamination, a significant amount of Mo is found on the Si surface. The Mo must be transferred from the sample holder to the Si surface in the plasma etching process. After annealing the fluorine peak almost disappeared but all the other peaks changed little as shown in Fig. 7͑b͒ . All the contaminantes were removed by 30 min of 400 eV 5A Ar ϩ sputter cleaning. This is shown in Fig. 7͑c͒ where a strong Si peak is evident. The sputter cleaning process is required at the final stage and needs to be practiced with great caution. It has been pointed out before that different sputtering yields can easily lead to a broken film which will cause problems in the subsequent annealing process required for restoring crystal structure. One should also be aware that the thermal property of an ultrathin film may deviate significantly from its bulk values. We have observed the middle part of a thin Si film melt when heated by a biased tungsten wire located 3 mm behind the target. Even a focused 5 keV 1A electron beam used for Auger analysis with a size similar to the (e,2e) beam can cut the film in half. The actual temperature on the thin film during the annealing process is difficult to measure. We have used the transmission electron diffraction patterns shown in Fig. 8 to monitor the recrystallization process. These give an indication of the temperature the film reached during the annealing process, which is thus carried out by a trial and error method until a satisfactory electron diffraction pattern is observed. An excellent (e,2e) signal to background ratio combined with high coincidence count rate results when properly made single crystal Si targets are used.
The graphite sample was prepared using natural crystals from Ticonderonga, New York. Following a similar procedure described by Gao et al., 16 the crystal was cleaved using the ''Scotch-tape method'' and then transferred to a Mo sample holder. The film at this stage usually has a thickness of a few m and is opaque to visible light. It is important to select a uniform film to increase the likelihood of surviving the thinning process. We have found that although it is not difficult to cleave the crystal to a slightly transparent thickness (ϳ1 m or less͒, one does not benefit much from this in the subsequent thinning process. On the contrary, one often has problems in finding a uniform area on the thinned film big enough for the (e,2e) measurement.
The thinning of graphite is basically a chemical etching process where the O atoms created in an Ar͑50%͒/O 2 ͑50%͒ plasma are responsible for the etching. A negative bias of around 100 V is applied to the sample and the thinning pro- FIG. 6 . The transmitted light intensity through a thin Si film as a function of thickness. The initial film thickness is 200 nm and the thickness change between maximum and minimum intensities is 33 nm ͑for ϭ 534.5 nm͒. The inset shows that the back of the sample is exposed to the plasma source in an attempt to minimize the front surface contamination. The etching rate and the final thickness are determined from the data.
FIG. 7.
Auger spectra of the front surface of the Si film after thinning ͑a͒ as shown in Fig. 6 . After annealing the fluorine peak almost disappears ͑b͒ and in ͑c͒ an Ar peak is observed after the Si surface is cleaned by 400 eV Ar ϩ sputtering for 30 min.
cess is monitored constantly using the laser beam. A curve similar to Fig. 4 is obtained since graphite is also an efficient light absorber. The etching rate can be estimated from the curve but one cannot convert it to thickness because the area which allows the light to come through is basically unknown. An optical microscopy image of a typical graphite sample is shown in Fig. 9 , which indicates the difficulties discussed above. An experienced human eye has been found to be more useful than the laser beam in determining the stopping point of the etching process.
One good feature in the graphite sample preparation is that there is much less surface contamination caused by adsorbed oxygen. As in the case of annealing ␣-C, 17 the amount of surface oxygen decreases with increase of the annealing power. The small amount of oxygen left on the surface does not affect the (e,2e) measurement and high quality data have been obtained.
The orientation of the graphite sample was adjusted to allow one to measure the electron energy-momentum distribution along the ⌫-K and ⌫-M directions. The quality of the sample also allows one to have a detailed study of the -band electrons which have zero density for momentum directions in the basal plane. By probing in the directions perpendicular to the basal plane, we observed a symmetric distribution of the -band electrons as was expected. 18 The data set collected from the graphite target has been used to fine tune some of our spectroscopy constants, ensuring that the (e,2e) measurements are carried out exactly on the Bethe ridge. Although the entire measurement took one month to finish, we observed no sign of target degradation.
C. Compound targets
So far we have had limited success in preparing compound (e,2e) targets. The methods described previously are generally not suitable for compound materials due to preferential sputtering or etching. The compound (e,2e) targets are actually synthesized after the thinning process. By evaporating Si onto ␣-C followed by annealing, we have successfully prepared a SiC sample. 19 In order to study oxide materials using (e,2e) spectroscopy we take advantage of the surface sensitive feature of our spectrometer. The elemental target is prepared first and tested to ensure that a satisfactory (e,2e) signal to background ratio is obtained. Aluminium, being a good example of the free electron model, has been studied thoroughly in the form of a free standing foil or as an evaporated layer on an ␣-C substrate. The target is then exposed to an O 2 ambient to form an oxide layer. Being an easily oxidized material, the Al surface was exposed to pure O 2 with a pressure up to 1 atm. However, the (e,2e) data collected from such a sample showed that the oxide layer formed in such an O 2 exposure was not thick enough to suppress the substrate signal. This is attributed to the passivation effect of aluminium oxide. A similar result was obtained in the efforts to oxidize a freestanding Cu film. In the case of Al this problem was overcome by repeating the evaporation (ϳ1 nm Al͒ and oxidation process several times until the substrate signal is suppressed.
An alternative way of oxidation is to use the rf plasma source to produce atomic oxygen which is much more active than its molecular form. By applying a bias voltage to the sample one can also thin and clean the surface at the same time. The bias voltage also controls the thickness of the oxide layer that allows one to partially oxidize the film. In the preparation of a CuO target we found that using a 1 keV oxygen beam to bombard a thin Cu film oxidizes the entire film which charged up in the subsequent (e,2e) measurement. The problem was solved by using a 300 eV oxygen beam that left a conductive Cu layer below the oxide and the charging effect is eliminated.
FIG. 8. The transmission electron diffraction pattern after 580 eV Ar
ϩ sputter thinning of a crystal Si film presents an amorphous ring ͑a͒ due to the damaged surface layer, following by 1 W annealing a partial recrystallization is observed ͑b͒. After 2 W annealing ͑c͒ and ͑d͒ a complete crystallization is observed. Due to the nonuniformity in Ar sputtering, a small hole developed in the middle of the film and ͑c͒ was taken near the hole where single crystal seed is not available. In ͑d͒ the target has been rotated ready for measurement. To study the electronic structure of SiO 2 , which is an important insulating material in the microelectronics industry, we have used a similar method to avoid a complete oxidation of the already thinned Si film. The Auger spectrum of such a sample shown in Fig. 10 indicates the typical SiO 2 feature with no observable contamination. Due to the high quality of the original single crystal Si target prepared for an (e,2e) measurement, the oxidized sample retained an excellent signal to background ratio and a clear silicon oxide energy-momentum density was observed. Although SiO 2 is a good insulator, we did not find any charging problems. This is due to the partial oxidation method just described, and it was confirmed by the electron energy loss spectrum in which the feature from the Si sublayer dominates.
The measured electron energy-momentum densities of structurally disordered Cu, aluminium oxide, crystalline Si in the ͗110͘ direction, and graphite in ⌫-K and ⌫-M directions are shown in Fig. 11 . Detailed analysis of these experimental data are given elsewhere. 13, 14, 18, 20 Here we just want to state that the results show distinctive features that differ completely from solid to solid. The (e,2e) data shown in Fig. 11 demonstrate the following features of a properly prepared target. First, the target is thin so that the multiple scattering is minimized to yield a high contrast picture. Second, the surface is clean as the valence band structure is free of foreign features introduced by possible contaminants. Finally, the dependence of the (e,2e) data on crystal orientation can only be observed from a properly prepared crystalline target. The quality of the target is obviously an important factor in the successful application of the (e,2e) technique to reveal the electronic structure of materials.
IV. DISCUSSION
We have demonstrated in this article that the success of an (e,2e) target preparation relies on the procedure used. The lifetime of an (e,2e) target is however, except for ␣-C and graphite, quite short ͑typically one week͒ due to C contamination. That means the C contamination then becomes detectable due to the surface sensitive feature of our spectrometer. So far we can only use Ar sputter cleaning to remove the contaminantes which unfortunately removes a certain amount of target material as well. For targets prepared using the chemical etching method ͑graphite and Si͒, the variation in thickness is small (Ͻ10 nm͒ as the targets usually survive two or three times of Ar sputter cleaning. A nondestructive cleaning method such as photon-induced desorption would certainly be helpful in increasing the target lifetime. These will be the future technical developments in the preparation of ultrathin free-standing targets for (e,2e) spectroscopy. ) and the vertical axis is the binding energy in eV relative to the vacuum level. A linear gray scale is used to indicate the measured densities.
